Aging is associated in the 344/N Fischer rat with decreased stress responsivity of central and peripheral catecholaminergic systems and impairment of the hypothalamic-pituitary-adrenal axis.
The effects of acute stress on various indices of sympatho-adrenal, sympathoneural functions and hypothalamic-pituitary-adrenal (HPA) axis were examined both at central and peripheral sites in healthy, intact male Fischer 344/N rats of increasing age. Extracellular fluid (ECF) levels of norepinephrine (NE), its metabolites dihydroxyphenylglycol (DHPG), and methoxyhydroxyphenylglycol (MHPG), and of the dopamine metabolite dihydroxyphenylacetic acid (DOPAC), were measured 24 h after implantation of a microdialysis probe in the paraventricular nucleus (PVN) of the hypothalamus, and samples collected at 30-min. intervals during immobilization (IMMO). ECF levels of NE, DHPG, MHPG, and DOPAC were at baseline similar in both age groups, and all increased significantly in response to IMMO. The IMMO-induced increases in ECF levels of NE and MHPG were, however, significantly smaller in old than in young rats. Plasma levels of the dihydroxyphenylalanine (DOPA), -NE, epinephrine (EPI), DHPG, MHPG, dopamine (DA), DOPAC and HVA, were determined in different groups of young and old rats, cannulated in the tail artery, at baseline, and after 5, 30, 60, and 120 min of IMMO. Basal levels of DOPA, DHPG, MHPG, DA, DOPAC, HVA, NE and EPI were significantly higher in old than in young rats, and increased in plasma during IMMO. However, the magnitude of the increase in the majority of these compounds was significantly smaller in old than in young rats. Basal plasma levels of ACTH were similar among age groups, and basal plasma levels of corticosterone showed a significant aging-associated decline. Two i.v. doses (2 and 20 micrograms/kg BW) of rat CRF elicited significantly greater and delayed ACTH, and greater corticosterone responses in older rats, consistent with the pattern encountered in hypothalamic CRF deficiency. An i.v. injection of ACTH evoked lower corticosterone responses in the older (18 and 24 month old) than in the younger (2 and 8 month old) groups of rats, consistent with secondary adrenocortical atrophy in older animals. Steady-state mRNA levels of mineralocorticoid and glucocorticoid receptors were significantly decreased in the hippocampus of the 8-, 18-, and 24-month-old rats, compatible with maturational rather than senescent changes. CRF mRNA levels in the paraventricular nucleus of the hypothalamus, and levels of POMC mRNA in the anterior pituitary were significantly reduced with age. In conclusion, in this strain of rats, aging is associated with diminished responsiveness of central, and peripheral catecholaminergic systems to acute stress, and progressive hypothalamic CRH deficiency.